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Abstract
The laser cladding is used on the surface of 4Cr14Ni14NW2Mo heat-resisting steel, Ni-based WC coating can be formed.
Observing and analying the microstructure, measuring the hardness of the cladding layer cross section, checking the abrsrssive-
wear under high temperature in different temperature. The results showed that the microstructure of Ni21+20%Wc+0.5%CeO2
cladding layer is small and it presents the best abrasive-wear behavior under high temperature in these investigated coatings.
Wear mechanism of the laser cladding layer changes with temperature changes.
© 2013 The Authors. Published by Elsevier B.V.
Selection and peer-review under responsibility of the Chinese Heat Treatment Society.
Keywords: laser cladding,Ni-based Metal-ceramics layers,abrasive-wear under high temperature,Wear mechanism
Introduction
Laser cladding is a new type of surface modification technology rising in 1980s, it can get alloy layer on the
surface of ordinary metal , and give its specific performance. Ceramic materials have high hardness and excellent
wear resistance, corrosion resistance, heat resistance and high temperature oxidation resistance performance, but it is
hard to be processed with large brittleness , so its application is severely limited. The laser cladding using of high-
energy density form the metal-ceramic coating of high hardness and wear resistance, it open up a new way for the
application of ceramic materials [1,2].
In the studies of laser cladding surface alloying, a lot of research work of a single performance such as wear,
corrosion, etc of the cladding alloy layer have been done [3-5]. But for high-temperature performance and
microstructure of the laser cladding alloy layer is rarely reported. With the development of science and technology,
The using of materials in aerospace, industrial production and other areas is more and more, its working conditions
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are increasingly harsh.Such as automobile engine exhaust valve is an important parts and wearing parts of the engine,
its working conditions is extremely bad,it withstand frequent high-speed reciprocating movement and friction In the
conditions of high temperature, high pressure, corrosive gas etc. Thus the material of exhaust valve must have good
high temperature performance and wear resistance[6].In order to solve this problem, this paper studies the
microstructure and abrasive-wear behavior under high temperature of laser clad Nickel cermet coating.
1 Testing Materials and Methods
4Cr14Ni14NW2Mo heat-resistant steel was used for the base material. Self-fluxing powder was used for clad
material , its chemical composition shown in Table 1. 20% (wt%) of the WC particles and 0.5%(wt%) CeO2 powder
were added in the self-fluxing alloy powder. Pre-treatment was normalizing.
Table 1 Composition of base material and clad alloy (wt%)
Materials C B Si Mn Cr Fe Mo Ni
4Cr14Ni14NW2Mo 0.400.50 — 0.80 0.70 13.015.0 margin 0.250.40 13.015.0
Ni60 0.8 4.5 4.0 — 16.0 13.0 — margin
Ni21 0.650.75 2.03.0 3.54.0 — 25.026.5 5.0 — margin
Ni25 0.12 1.5 3.5 — — 8.0 — margin
The base material was processed into ring with Diameter of I50mm, OD of I70mm and high of 10mm,, then
was blasted and cleaned.The alloy powder with the amount of alcohol and organic binder into a paste was coated on
the substrate surface, coating thickness is 1.0 ~ 1.2mm,they were dried in a vacuum. 5KW HJ-4-type cross-flow
CO2 laser was selected laser cladding equipment, single-channel scanning, with nitrogen protecting the weld pool.
Beam diameter is I3 ~ 4mm, laser power is 2.0 ~ 2.2kW and scanning speed is 4.5 ~ 5.0mm / s.
High-temperature dry friction and wear tests was on the MG-200 high speed and temperature wear test machine.
Using ring - ring relative grinding,the following ring was made of heat-resistant cast iron,the face of above
Ring was the laser cladding layer of different components.Friction torque - time curve was minuted by the automatic
recorder.The specific test conditions were as follows: Test temperature were 50, 250, 450 and 650, load
weight was 30kg, speed was 1500r/min, ldle time was 1min, Load time was 3 ~ 3.5min. Weight loss of the
sample w (mg)= weight of the sample began w (g) - weight of the sample after wear w (g).
2 Testing Results and Analysis
2.1Microstructure.
Figure1show that microstructures of the laser cladding layer of several different components. As can be seen
from Fig, cladding layer structure is broadly similar although the different composition. The cladding layer can be
divided into three regions, which followed from the surface to the the inside were melting zone, Binding zone and
heat affected zone.The boundary of base area and heat affected zone is not clear,this shows that effects of heat is
large and uniform throughout the process of laser cladding,it is also advantageous for the uniformity of coating
material.
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a (b) (c)
(a)Ni21+20%WC+0.5%CeO2 (b)Ni25+20%WC+0.5%CeO2 (c)Ni60+20%WC+0.5%CeO2
Fig.1 Microstructures of clad layer with various compositions ×300
From the morphology comparisons, Ni25 +20% WC +0.5% CeO2 cladding microstructure is coarse and dendrite
is clear,Ni21 +20% WC +0.5% CeO2 cladding microstructure is small and dendrites is not obvious, Ni60 +20% WC
+0.5% CeO2 cladding microstructure is In between. This is due to the carbon content of Ni25 alloy is low and
chromium-free, so the melting point second phase particles is less during solidification, the effect to prevent grain
growth is also weak. Therefore its cladding microstructure is coarse and dendrite is clear.Melting point of Ni60 alloy
is low, the coagulation time is longer, the chromium content is less than Ni21,the number of high melting point
compounds is relatively less during solidification,so its cladding microstructure is more thicker than that of Ni21
+20%WC +0.5% CeO2.
2.2 High-temperature dry friction and wear properties.
Figure 2 is a contrast histogram of high-temperature dry friction and wear of cladding layer with different
composition under the same experimental conditions.As can be seen from the figure, the wear of Ni21 +20% WC
+0.5% CeO2 cladding layer is minimal, Its wear resistance is best,and wear resistance of Ni60 +20% WC +0.5%
CeO2 cladding layer is worst.This is closely related to the level of cladding layer hardness, uniform and dense of the
microstructure, High and low of the melting point.The microstructure of Ni60 +20% WC +0.5% CeO2 cladding
layer is dense and small, the number of hard particles of precipitates is more,The hardness of the hard particles is
high and fall flat with the temperature drop,so its high-temperature wear resistance is the best.
1.Ni60 +20%WC +0.5% CeO2 2. Ni25 +20%WC +0.5% CeO2
3. Ni21 +0.5% CeO2 4. Ni21 +20%WC 5. Ni21 +20%WC +0.5% CeO2
Fig.2 Results of the high temperature wear experiments of clading layer with various compositions (650×3.5min×30kg)
Melting point of Ni60 +20% WC +0.5% CeO2 cladding layer is relatively low,It is prone to more serious
adhesive even wear thermal wear phenomena in the case of high temperature wear, this led to its poor wear
resistance.The hardness of Ni25+20%WC+0.5%CeO2 cladding layer is lower than that of
Ni60+20%WC+0.5%CeO2 cladding layer because of its low carbon content.However, plastic and toughness of the
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matrix is relatively good, Therefore, it prone to plastic deformation in the process of friction and wear,Increase the
contact area of the friction,decrease its contact stress[7],coupled with a high melting point of Ni25 alloy,the
tendency is less to produce adhesive wear,so the wear of Ni25+20%WC+0.5%CeO2 cladding
2.3 The morphology and wear mechanism analysis.
Friction and wear at different temperatures of afterFigure 3 is the surface morphology of Ni21 +20% WC +0.5%
CeO2 cladding layer after friction and wear at different temperatures. As can be seen from the figure: the finely
ground traces of Ni21 +20% WC +0.5% CeO2 cladding layer is relatively clear at low temperature (50  ), It is
only a small amount of melt adhesive (Fig. 3a).When the temperature is gradually increased, wear scar is becoming
increasingly blurred, melt adhesive is also more and more (Figure 3b),And flattened furrows appear near the uplift
edge (Figure 3c). To 650  high temperature,the adhesive material is increased and the edge furrow is repeatedly
form flattened, the friction surface is relatively flat,it is only minor scratch marks (Fig. 3d).Reason for this
phenomenon is the wear mechanism of laser cladding layer changes with temperature changes.Abrasive wear is the
main way at low temperature,as the temperature increase, it gradually shift to adhesive wear and oxidation wear [8].
a (b) (c) (d)
(a) 50 (b) 250 (c) 450 (d) 650
Fig	3 Wear pattern of Ni21+20%WC+0.5%CeO2 clad layer under various temperature ×500
3 Conclusion
(1) The morphology of Several different components of the laser cladding metal-ceramic coating is similar
under the optical microscope, which Ni21 +20% WC +0.5% CeO2 cladding is more small.
(2) high-temperature dry friction test show that the high-temperature wear resistance of Ni21 +20% WC +0.5%
CeO2 laser cladding is the best in different components metal-ceramic coating.
(3) wear mechanism of the laser cladding metal ceramic coating preliminary determine that abrasive wear is the
main way at low temperatures,as the temperature increases,it gradually shift to adhesive wear and oxidation wear as
the main way.
4 References
Jasim K M., Rawling R D., 1992, West D R. Pulsed Laser Sealing of Plasma-sprayed Layers of 8wt percent Y ttri-a Stabilized zirconia. J Mater
Sci, 27,3903-3907.
Zhang Guang-jun., Li Jun ., Li Wen-ge., 2006.Research Progress on Laser Surface Engineering. Heat Treatment of Metals, 36,1-7
Liu Xiu-bo., Wang Hua-ming., 2006.Study on wear resistance of laser clad composite coatings on TiAl intermetallic alloy. Transactions of
Materials and Heat Treatment, 27,87-92.
Zhang Song .,Zhang Chun-hua ., 2001.SUN Tai-li.,Study on Microstructure and Corrosion Resistance of Laser Cladding Co-based Alloy .
Chinese Journal of Lasers, 28,860-864
Zhao Gao-min., Wang Kun-lin., Li Chuan-gang., 2004,Effect of La_2O_3 on Wear Resistance of Laser-Cladded Fe-Based Alloy Coatings.
Tribology, 24,318-341
Li Chun hua .,Xu Kai ti .,Wang Shun xing., 2000.Effect of Laser Cladding Technology on Quality of Cladding Layer on Exhaust Valve Surface.
Heat Treatment of Metals, 25,8-9.
Wang peng zhu., li guo hua., chen hua hui., 1995.Study on three kinds of Ni-based alloy laser coating and wear characteristics . Mechanical
Science and Technology, (supplement),59-61.
149 X.H. Wang and A.M. Liu /  Physics Procedia  50 ( 2013 )  145 – 149 
Zhang Wei-ping., Liu Shuo., 2005.Study of Continuous Temperature Changing on the High Temperature Oxidation Behavior of Laser Cladding
Metal-ceramic Composite Coating. Journal of Aeronautical Materials, 4,59-62.
